Abstract The concentration and dynamic of soil trace metals in natural ecosystems, in particularly, is dependent on the lithology of parent rock as well as topography and geopedological processes. To ascertain more knowledge for this dependency, soils on three parent rocks involving peridotite, pegmatite, and dolerite in two contrasting topography aspects were investigated. The total values of Fe, Mn, Zn, Cu, and Ni were determined and compared for different soil pedons. ) [ dolerite (28 mg kg -1 ), respectively. For most of the studied pedons, profile metals distribution differed among the soils: The values of Fe, Cu, and Ni were enriched in the cambic horizons mainly as result of release, mobilization, and redistribution of the studied metals during geopedological processes, whereas those of Zn and Mn were concentrated in the surface horizons. Probably due to greater weathering rate of trace metal-bearing rocks on north-facing slope, the content of the trace metals along with the geoaccumulation index (I geo ) and the degree of soil contamination (C d ) were higher than on south-facing slope. Based on assessment of soil pollution indices, the soils were categorized as unpolluted [I geo B 0 (class 0)], unpolluted to moderately polluted levels [0 \ I geo \ 1 (class 1)], and very low [C d \ 1.5 (class 0)] to low degree of contamination [1.5 \ C d \ 2 (class 1)].
Abstract The concentration and dynamic of soil trace metals in natural ecosystems, in particularly, is dependent on the lithology of parent rock as well as topography and geopedological processes. To ascertain more knowledge for this dependency, soils on three parent rocks involving peridotite, pegmatite, and dolerite in two contrasting topography aspects were investigated. The total values of Fe, Mn, Zn, Cu, and Ni were determined and compared for different soil pedons. The concentration of Fe, Mn, and Ni were highest in soils developed from peridotite (127, 1.8 g kg -1 , and 218 mg kg -1 , respectively), intermediate in soils derived from dolerite (81, 1.3 g kg -1 , and 166 mg kg -1 , respectively), and least in soil developed from pegmatite (50, 0.23 g kg -1 , and 20 mg kg -1 , respectively). The values of Zn and Cu, originated from different parent rocks, were in order of dolerite (78 mg ) [ dolerite (28 mg kg -1 ), respectively. For most of the studied pedons, profile metals distribution differed among the soils: The values of Fe, Cu, and Ni were enriched in the cambic horizons mainly as result of release, mobilization, and redistribution of the studied metals during geopedological processes, whereas those of Zn and Mn were concentrated in the surface horizons. Probably due to greater weathering rate of trace metal-bearing rocks on north-facing slope, the content of the trace metals along
Introduction
Soil contaminations by trace metals pose a serious threat to plants, animals, even human beings because of their bioaccumulation, non-biodegradable properties Colaka et al. 2011) . Naturally, the pattern of soil trace metals and in turn toxicity and deficiency of these metals are significantly influenced by variations in parent rock, environmental attributes, and pedoligical processes responsible for the formation of soils. Such issues should be understood better for the prediction and effective management of the trace metal behavior of soils. In uncontaminated soils, the overall content of these metals is associated with the geochemistry of parent rock (Brady and Weil 1999 ) from which soils derived because soil inherits from its a certain stock of elements that is then redistributed by pedological activities (Kabla and Szerszen 2002; Kabata-Pendias and Mukherjee 2007; Gupta et al. 2013) . Bech et al. (1998) in the soils of Catalonia and Aussendorf et al. (2000) in the soils of NW Bavaria described that trace metals are a good tool to establish relationships between the soil and the parent rock. Overall, parent rocks containing high levels trace metals are mafic and ultramafic rather than siliceous rocks (Alloway 1995) . In light of this, many igneous rocks such as olivine, augite, and hornblende are known as a rich source of some trace metals (Mn, Cu, Zn, Co, Ni) . In class of sedimentary rocks, shale has highest values of Cr, Mn, Co, Ni, Cu, Zn, Cd, Sn, Hg, and Pb followed by limestone and sandstone (Nagajyoti et al. 2010) . High levels of Al, Zn, Mn, Pb, Ni, Cu, and Hg have been also reported for volcanoes material (Seaward and Richardson 1990) .
With time, the trace element status of soil will become different due to the influence of predominating pedogenic and geopedological processes (Kabata-Pendias and Mukherjee 2007). Although there is great diversity in the pedogenic processes contributing to the trend of trace metals, they can be generalized as (1) the physical and chemical processes of weathering (dissolution, hydration, hydrolysis, oxidation, reduction, and carbonatization) and (2) sorption, desorption, and the formation of various species of elements which are controlled by leaching, eluviation, podzolization, alkalization, aluminization, laterization, salization, and hydromorphic processes (Kabata-Pendias and Mukherjee 2007; Nael et al. 2009 ). Koons et al. (1980) and Rezapour and Samadi (2011) found that clay minerals, iron oxides, organic mater, and calcium carbonate, caused by weathering and pedological processes, are important significantly in the translocation and accumulation of trace metals. The data reported by Bulmer and Lavkulich (1994) and Paulo (Paulo et al. 2005) in British Columbia and Brazil, respectively, indicated that the concentration of Cd, Cu, Ni, Cr, and Zn were greater in B horizons compared to A and C horizons as result of extent of metals mobility into the soil profile.
The study area is a part of the Alborz mountain, a main mountain range in northern Iran, with least polluted compounds characterized by the diversity of parent rock and landform offering a diverse geopedological condition in which to study the effects of lithology and slope condition on the pattern of trace metals. The objectives of this work were the following: (1) to establish the regional background levels of Fe, Mn, Zn, Cu, and Ni, (2) to investigate lithogenic and pedogenic processes influencing on the content and distribution of these metals, and (3) to assess some trace metals enrichment or depletion factors and the degree of pollution of the examined soils.
Materials and methods

Area description and soil sampling
This work was carried out in the Masouleh region, Guilan province, northern Iran (Fig. 1) . The main parts of the study region are occupied by mountains and hills with elevation from 200 to 1,100 m above sea level. The average annual soil temperature and precipitation are 12°C and 1,100 mm, respectively. The soil moisture regime is udic and temperature regime is mesic. The natural vegetation is characterized by forest trees consisting mainly of Alnus subcordata, Zelkova carpinifolia, Carpinus betulus, and Mespilus germanica. Geologically, the area is characterized by Precambrian and Paleozoic metamorphic and mafic rocks as well as Cretaceous shale and limestone (Darvishzadeh 2002; Nael et al. 2009 ).
Six soil pedons from south-and north-facing slopes developed on different parent rocks consisting of peridotite (pedons 1 and 2), pegmatite, (pedons 3 and 4), and dolerite (pedons 5 and 6) were described and sampled. Soil samples were air-dried and passed through a 2-mm sieve (to remove rock fragments, roots, etc.) prior to laboratory analyses. Geological map of the region along with texture, structure, shape, color, etc., of each rock fragment was used to identify the parent rock in the field. The soils were classified (Soil Survey Staff 2010) as Typic Hapludolls (pedon 1), Typic Eutrudepts (pedon 2), Lithic Udorthents (pedons 3 and 4), and Dystric Eutrudepts (pedons 5 and 6).
Analytical methods
The analyses were made as follows: Particle size distribution was performed using the hydrometer method (Gee and Bauder 1986); soil pH in 0.1 M KCl using a 1:2.5 soil/ solution ratio; electrical conductivity in a 1:5 soil/water extract; organic matter by the Walkley-Black wet oxidation method (Nelson and Sommers 1982) ; cation exchange capacity (CEC) by the ammonium acetate method at pH of 8.2 (Chapman1965); and calcium carbonate equivalent (CCE) by acid neutralization (Nelson 1982) .
Total heavy metals were extracted from the soil samples by aqua regia digestion method (Baker and Amacher 1982) using 3:1 (v/v) a mixture of HCl and HNO 3 . The soil extracts were analyzed for Fe, Mn, Zn, Cu, and Ni by atomic absorption spectrophotometer (AAS) using an airacetylene flame. The results for the trace metals were cited as mean values of each soil solum (A and B horizons) in the different soil pedons.
Assessment of soil contamination
Some approaches for trace metal soil contamination assessment have been proposed in the international literature in which the most important being: concentration factor (Rezapour and Samadi 2011) ; the geologic index (Müller 1969) ; the degree of contamination (Abrahim and Parker 2008) ; and pollution load index (PLI) (Cabrera et al. 1999) .
Concentration factor (CF) calculated as the concentration of each metal in the soil divided by concentration of soil reference metal.
The geologic index (I geo ) calculated by the relation:
C n = 1:5B n where C n is the concentration of soil metal, B n is the background value of metal, and 1.5 is the correction factor of background contributed to lithogenic processes.
The degree of contamination (C d ) based on the sum total of the metal examined and calculated by following equation (Abrahim and Parker 2008) :
where C F contamination factor, n number of studied metals, and i ith the metals. The geologic index and the degree of contamination proposed in some descriptive categories (Müller 1969; Abrahim and Parker 2008) as described in Table 1 . The PLI calculated as the nth root of the product of nCF (Kalavrouziotis et al. 2013) give by the following relation:
where CF the concentration factor of metal, and numbers 1, 2, etc. correspond to the respective metal. We considered the content of trace metals in the examined parent rocks as background (Table 2) . Generally, the concentration of the trace metals in the examined parent rocks was in the follow sequences: Fe, Mn, Zn, and Ni as peridotite [ dolerite [ pegmatite and Cu as pegmatite [ dolerite [ peridotite. Such pattern is in line with other reports (Kabata-Pendias and Mukherjee 2007). The mean of trace metal content for each profile used in the calculation of the examined indices (such enrichment of concentration factors) as
where D depth, C trace metal value in each soil horizon. The percentage of increase (enrichment) or decrease (depletion) of each element into soil was estimated using the following equation (Braun et al. 1993) :
where Cn is the content of each element in the studied soil and Cb is the content of each element in the reference environment (background). In the equation, depletion is indicated by high (-70 to -100 %), average (-40 to -70 %), and low categories (0 to -40 %) and enrichment is shown by low/average (40-100 %) and high categories ([100 %).
Results and discussion
Soil attributes
The results of the physicochemical analysis are illustrated in Table 3 . For most of the investigated pedons, clay contents were generally lower in the surface horizons and some shallow Bw horizons than in the thicker B horizons which is likely due to the illuviation of clay particles in subsurface horizons or in situ weathering in B horizons. The silt contents show an inverse pattern compared to clay. Clay amounts ranges from as low as 11 % in C horizon of pedon 3 and A horizon of pedon 7 as high as 48 % in Bw1 and Bw2 horizons of pedon 2. Considerably, the soils on the north-facing slope contained a higher amount of clay than on the soils on south-facing slope in particular in the topsoil. Such pattern may be directly associated with weathering attributes, mainly temperature and moisture that can have improved clay amount during pedological processes on the northern slope.
The soil pH of the different horizons was slightly alkaline to acidic, ranging from as low as 4.78 in Bw horizon of pedon 5 to as high as 7.4 in C horizon of pedon 2 (Table 3) . Typically, the pH values show an increasing trend with depth, probably due to the leaching of basic compounds and calcium carbonates. The lowest values of pH occur in soils from pegmatite which is rich in SiO 2 with felsic properties, varying between 4.78 and 5.47. In Table 1 The categorization of metal pollution in soils and sediments by I geo value (Müller 1969) contrast, the highest amounts of pH observe in soils developed from peridotite which is rich in Fe-Mg with ultramafic properties. The specific environmental condition such as the relatively high rainfall, dense vegetation, high soil CO 2 concentration, and well-drained conditions facilitated calcium carbonates removal or depletion from the upper horizons and translocation and precipitation to lower horizons (Khormali et al. 2012) . Electrical conductivity was lower than 1 dS m -1 in all the examined pedons (the data not shown).
The amount of organic matter in all pedons is highest in the surface horizons (ranging from 36 to 96 g kg ) and decrease abruptly with depth (Table 3 ). The soils on the north-facing slope contained a greater amount of organic matter than on the soil on south-facing slope. This trend suggests to a different sensitivity of the organic matter to mineralization of humification processes between the north-and south-facing slopes (Sidari et al. 2008) . The CEC values are low to high, varying from 12 to 54 cmol c kg -1
. The highest CEC content is observed in the horizons of A and Bw2 of pedon 2, where the greatest clay content and organic matter are occurred.
The distribution of trace metals
The distribution of selected trace metals showed a considerable range of variations into soil pedons (Table 4 ). In -1 , and Ni from 5.5 to 584 8 mg kg -1 . Such pattern is not surprising, especially in view point of the fact that ultramafic (such as peridotite) and mafic (such as dolerite) rocks are richer in Fe, Mn, and Ni than other rocks (Kabata-Pendias and Mukherjee 2007). In both north-and south-facing slopes, soils developed on peridotite showed the highest concentration of Fe, Mn and Ni, followed by the soils on dolerite, and lowest in the soils of pegmatite. The values of Zn and Cu were in the order of pedons on peridotite [ dolerite [ pegmatite and pedons on peridotite [ pegmatite [ dolerite, respectively, in the southern slope (Table 4) . For most of the pedons, soils developed on the southern slope show generally less enrichment than those on the northern slope (Table 4) . For example, the mean concentration of Cu in soils derived from pegmatite on the southern slope show a rise 72 % (REF of 1.7), while the content of Cu on the northern slope from the same soil and rock show a rise 115 % (REF of 2.1) comparing to the reference. These trends may be due to the different surface erosion rates and pedogenic processes as well as the duration and kinetics of chemical weathering induced by aspect, considering that the important role of slope aspect in generating different microclimate condition (such as soil temperature and moisture content and native vegetation) at the catchments scale by controlling the degree of solar radiation received by surface (Ma et al. 2011) .
In soils derived from peridotite (pedons 1 and 2), Fe, Mn, and Cu are enriched in the cambic horizons mainly in the northern slopes (Table 5 ). The enrichment was least for Cu, intermediate for Mn, and strong for Fe. This pattern may be interpreted to release, mobilization, and redistribution these elements during geopedological processes. Consistent with this, Fe, Mn, and Cu were most likely first released to solution during chemical weathering. The metals then sorbed by fine clay particles and subsequently accumulated through illuviation in B horizon (Nael et al. 2009; Ma et al. 2011; Acosta et al. 2011 ). In pedons 3 and 4, developed on pegmatite, Mn and Zn were enriched in the surface horizons with higher enrichment for the northern slope (pedon 3). For iron, such trend only observed in the northern slope. The fate of Mn, Zn, and Fe in the topsoil (pedons 3 and 4) may be related to a process named as the biological pump or nutrient uplift. Consistent with the hypothesis, deep-rooted trees often act as pumps, uptaking metal from subsoil horizons into their root systems, translocating it to their leaves, and re-entering it to the topsoil with litter fall and decomposition, causing much higher the metals levels in the surface (Rezapour 2013) . In contrast with Mn and Zn pattern, Cu and Ni were depleted from the surface soil of pedons 3 and 4 which may be attributed to the process of acidic condition (pH \6, Table 3 ) in the pedons because of trace metals are more solution in acidic environments (Kabata-Pendias and Mukherjee 2007). Iron, Zn, Cu, Ni were enriched in the Bw horizons of the pedons of 5 and 6, developed on dolerite, mainly in the northern slope (Table 5) . As discussed before, such enrichments can be explained by the interactions between several biogeochemical processes in the soils (i.e., humification and dissolution/leaching) as well as physical processes such as water fluxes (Acosta et al. 2011) . Table 6 The ratio of trace metal concentration in topsoil to that in the corresponding subsoil enrichment (RTE) in soils developed on three types of parent rocks Overall, the values of Fe, cu, and Ni were considerable lower in topsoil than in subsoil mainly in the northern slope, suggesting that mobilization and accumulation was occurred for the metals. On the contrary, the content of Mn and Zn was greater in topsoil than in subsoil, believing that the metals concentration in the topsoil was occurred for most of the studied soils particularly due to their strong affinities with the soil solid fraction or the recycling of metals by vegetation (Kabata-Pendias and Mukherjee 2007) . The concentration of a element in topsoil divided by concentration of that element in the corresponding subsoil [(RTE) defined as a relative index of the mobility of metals] (Mapanda et al. 2005 ) was as following ranges (Table 6) SOM soil organic matter, CEC cation exchange capacity, CCE calcium carbonate equivalent * P \ 0.05; ** P \ 0.01; *** P \ 0.001 This pattern appeared both the two aspect agreement and disagreement with earlier reports (Camobreco et al. 1996; Haiyan and Stuanes 2003; Rezapour and Samadi 2011) . There also found a greater Ni concentration in BC, CB, C horizons for all the examined pedons (Table 5 ) which may be interpreted to a much greater Ni downward removal rate compared to other metals. Statistically, a significant correlation was found between Fe with Mn, Zn, and Ni (Table 7) . Two main hypothesizes can be proposed to explain this observation: (1) Iron, presented in minerals with large surface area (such as ferrihydrite, hematite, and goethite), is an effective sorbent for Mn, Zn, Cu, and Ni. Koons et al. (1980) mentioned that trace metals (e.g., Co and Cr) were often associated with iron oxides minerals in the weathering of granite to saprolite. Bigham et al. (2002) and Acosta et al. (2011) reported that natural iron oxides have a high tendency for adsorption and transport of trace metals. (2) Genesis, transport, and accumulation of Fe was occurred in a similar pattern with Mn, Zn, and Ni which is in agreement to earlier observations by Zhang et al. (2002) and Xue-Song et al. (2006) . Also, a significant correlation was recorded between Mn-Zn (P B 0.01), Mn-Ni (P B 0.05), and MnCu (P B 0.05), suggesting similar behavior or common origin of these elements in the studied soils.
Assessment of soil pollution scales
Three indices of geologica index (I geo ), degree of contamination (C d ), and PLI were assessed for estimating soil pollution. The I geo values of for Fe, Mn, Zn, Cu, and Ni (Table 8) . Soils developed on the south-facing slope appear to be at least I geo values, whereas soils derived on the north-facing slope manifest higher I geo values for most of the examined metals which may be attribute to greater degree of chemical weathering on the north-facing soils. The negative I geo values found in the study can be considered as the result of relatively low levels of contamination for most of the metals and the background variability factor (1.5) in the I geo equation (Abrahim and Parker 2008) . The values of C d for the five examined metals were in range of 0.078-1.85 (Table 9) indicating very low (class 0, C d \ 1.5) to low degree of contamination (class 1, 1.5 \ C d \ 1). The C d was least (0.98-1.1) for soils developed on dolerite, intermediate (1.5-1.64) for peridotite, and strong (1.8-1.85) for pegmatite. Indeed, the values of C d show that 67 and 37 % of the soils classified as low and very low of contamination, respectively (Fig. 2) . For all the assessed pedons, the values of C d were greater on the north-facing soils than those on the south-facing slope, manifesting that aspect have greatly influenced on weathering rate of trace metal-bearing rocks.
The values of PLI were found to be[1 for the pedons 1, 2, 3, and 4 (Fig. 3) . At this level, the soil metal concentration is above the soil background values and it could be appeared as the fate of trace metals [PLI[1 is indicative of soil pollution (Kalavrouziotis et al. 2013) ]. In pedons 5 and 6, on the contrary, PLI values were calculated to be B1 suggesting that the soil metal concentration is equal (or less) to the soil background values. Like to the pattern of I geo and C d , the values of PLI were more in soils on the northern slope compared to soils on the southern slope, showing aspect most likely exerts an important control on soil pollution indices.
Conclusion
Soils developed on different parent rocks including peridotite, pegmatite, and dolerite reflected heterogeneous response to topography aspect and geopedological processes regarding to the total values of Fe, Mn, Zn, Cu, and Ni. For instance, the concentration of the metals in the different soils, grouped by parent rocks, varied in the following orders: Fe, Mn, and Ni as peridotite [ dolerite [ pegmatite, Zn dolerite [ peridotite [ pegmatite and Cu as pegmatite [ peridotite [ dolerite. Two contrasting patterns of depletion and enrichment were observed in the profile distribution of the metals. We hypothesize that the depletion pattern of Fe, Cu, and Ni in the surface horizons is mainly controlled by dissolution/leaching and redistribution processes, whereas the enrichment pattern of Zn and Cu in the topsoil is influenced by the soil solid fraction (such as clay and organic matter) and biological cycling. Comparing to the south-facing slope, the contents of Fe, Mn, Zn, Cu, and Ni along with the examined pollution indices (I geo , Cd, PLI) were higher in the soils on the northfacing slope for most of the investigated pedons.
